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W N G  THE COMPONENTS OF A BOErNG B-47A AIEPLANE 

By T. V. Cooney, W i l l i a m  H. Andrews, 
and W i l l i a m  A. McGuwan 

Results are presented of a preliminmy analysis of same strah-gage 
measurements of the loads carried by the wing and horizontal tail of a 
Boeing B-47A airplane  during  gradual-turn maneuvers f o r  alt i tudes varying 
from 15,000 feet t o  35,000 feet  and covering  a Mach nuniber range from 0.44 
t o  0.80. 

The additional  air-load  center of pressure on the 35O sweptback, 
high-aspect-ratio,  flexible wing of the test airplane exhibted no signif- 
icant tendency t o  change appreciably i n  a spaarPee direction  because of- 
Mach  nuniber throughout the test range. The center of pressure, however, 
moved forward with  increasing Mach IIuniber. 

The distribution of load among the components of the Boeing B-47A. 
airplane  follow&  the  pattern which was typical of that  found t o  exist 
on several  airplenes tested previously;  that is, the  various ccaqponents 
carried approximately a constant  proportion  of  the  total  airplane  additional 
l i f t  throughout  the Mach  nuuiber range  covered and the  fraction of the 
wing-fuselage  normal-force coefficient  carried. by the exposed wing was 
approximately the same magnitude as the   ra t io  of the area of  the exposed 
wing to  the  area of the t o t a l  wlng. 

IN'IRODUCTION 

The National Advisory Conrmittee for  Aeronautics is currently con- 
ducting a flight  investigation  with & Boeing B-47A airplane. The aims 
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of the flight program are t o  obtain  information on the effects of aero- 
e la s t i c i ty  on quasi-static loads, dynamic s tab i l i ty ,  Qnamic lo&, and 
handling quali t ies of a large f lexible   drplane having sweptback  wing 
and tail surfaces. 

Although the flight tests are s t i l l  i n  progress,  sufficient data 
have been obtained to  indicate  the  approxbate magnitude of the Mach 
nuniber  and dynamic-press-me effects on the  distribution of the  additional 
load. T h i s  report i s  the'result of a preliminary examination of some 
of the loads measurements obtained by simplified  data-reduction  proce- 
dures and is  subject t o  any modificatfon that might be warranted when a 
detailed analysis is made at the completion of the flight investigation. 

Data w e r e  obtained i n  gradual-turn maneuvers made at altitudes from 
15,000 fee t  t o  35,000 fee t  covering the Mach nurdber range from 0.44 t o  0.80. 

SYMBOIS 

speed of sound, f t /sec 

true  airspeed,  ft/sec 

Mach number,  V/a 

m a m ~ c  pressure, lb/sq f t  

left-wing  inboard  shear a d  moment reference axis (see  fig. 3)  

left-wing  inboard  torque  reference  axis  (see  fig. 3 )  

left-wing  outboard shear and mOment reference axis (see fig. 3)  

aerodynamic load on l e f t  w'ing outboard of  reference  axis 

t o t a l  aerodynamic load on horizontal tail outboarrd of gage 
locations 

mean aerodynamic chord  of w i n g  

mean aerodynamic chord of wing outboard  of  reference axis Rl 

t o t a l  wing "ea, Including  portion covered by fuselage ( w i n g -  
fuselage area), sq f t  
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- 
S1 twice the area of wing outboard of reference  axis Rl, sq f t  

- 
W airplane gross weight, lb 

n airplane normal load factor at airplane  center of gravity, 
g units 

% airplane  nom-force  coefficient,  nW/qS 

cEr horizontal-tail normal-force coefficient, $/qS 

% normal-force coefficient of left-wing air load outboard of 
reference axis R ~ ,  hJg“ 

normal-force coefficient of left-wlng air load outboezd of 
reference ex is  R ~ ,  kdq~ 

normal-force coefficient of wing-fuselage  conibination, CNA - CNT 

APPARATUS 

Airplane .- The Boeing B-47A airplane, as i l lus t ra ted  by the photo- 
graph.of  figure 1 and the three-vlew drawing sham i n  figure 2, is a jet- 
propelled medium bomber powered by six General Electric J - 4 7 - G B 2 3  turbo- 
jet engines,  each  having  a  sea-level  thrust  rating of 5,800 pounds a t  
100 percent  rotational speed. The pertinent  dimnsions and characteristics 
of the  airplane axe l i s t e d   i n   t a b l e  I. 

The airplane had two spanwise rows of vortex  generators,  approximately 
t w o - t h i r b  the span of the aileron i n  length, mounted on the upper-wing 
surface  close t o  the  front  spar. (See fig. 3. ) The ym damper, although 
p a r t  of the standard equiprmtnt, w a s  not used during  the  present tests. 

Instrumentation.- The instrumentation  installed  in the test airplane 
relevant t o  this report  consisted of standard NACA recording  instruments 
t o  measure airspeed,  altitude, and normal acceleration  at the afrplane 
center of gravity. The airspeed head. w a ~  mounted  on a boom extending 
forward of  the nose of the fuselage equivalent t o  a  distance of approxi- 
mately 0.8 of  the maximum diameter of the ftiselage and the -speed 
system w a s  calibrated  in flight. . J .  

Strain gages pertinent t o  this paper were located on the lef t  wing 
on3 hnr-ionnt-1 to i l  (--- fi t - r ~  0 end 3 )  trr n ” - l n - -  otnvtllr-1 m h - o r  
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mament, and torque  for the load acting outboard of axis R1, shear and 
moment f o r  the load acting outboard of axis R3, and the  horizontal-tail 
load. A strain-gage-calibration procedure sh i la r  t o  that outlined  in 
reference 1 waa used t o  cambine the primary  strain-gage  bridges and t o  
obtain  equations  for  structural loads i n  terms of the gage outputs as 
recorded on 18-channel oscil logrsph~. 

A l/lo-second time pulse was  used to  correl8te  the  records of all 
recording  instruments. 

TESTS; RESULTS, AWD DISCTJSSION 

In order t o  expedite the presentation of some preliminary  results 
the maneuvers analyzed for  this report  consisted only of 
tha t  in i t ia ted  from trimmed steady  flight and were gradually -===% tiglrtehe 
in such a manner that the wing loading w m  maintained essentially sym- 
'metrical and the  acceleration  essentially uniform Over the component 
pmts of the airplane. 

The test  conditions covered a range of load factor from 1 g t o  2.5g 
or stal l  buffeting whichever occurred first, a range of Mach nurdber from 
0.44 t o  0.80, a range of dynamic presaure from 130 lb / f t2   t o  460 lb/ft2, 
and a range of al t i tude from l 5 , O o O  feet t o  35,000 feet. The airplane 
take-off gross w e i g h t  was approximately 125,000 pounds  and the  landing 
weight was approximately 100,000 pounds. The center of gravity was 
vmied between 14 and 27 percent of the 1~38x1 aerodynamic chord by loading 
the  fuel  in  selected  quantit ies  in the five fuselage tanks and then 
prograrmning fue l  consumption from the tanks while i n  flight. During any 
particular test  run, the center-of-gravity  position  varied less than 
1 percent  because of  fuel consumption. 

Some inconsistencies  in  the  levels of the measured strain-gage  data 
were noted and there were indications tha t  these effects resulted from 
wing and tail structure temperatures varying from flight t o   f l i g h t  with 
changes in   a l t i tudes  &.ring each f l ight .  A t  the  present tine, sufficient 
data have not been obtdned  to  ascertain completely the magnitude of these 
temperature-induced effects on the  strain-gage  outputs. For t h i s  reason, 
only additional  air-load results are presented  since  these results can 
be expressed as the rate of change  of  one load with respect  to  another 
during the short  period of a maneuver md do not.require  correction  for 
temperature effects.  These results are presented i n  terms of wing load 
and center of pressure and percent of total   a i rplane load acting on the 
wing ana tail. 8 

Wing-load center of pressure.- The rates of change of moment and 
torque  with shear locate the spanwise and chordwise positions,  respectively, - 
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of the  center of pressure fromthe pertinent  reference  stations.  Typical 
variations of the torque and moment with shear f o r  the air load acting 
outboard of axis R 1  are shown i n  figure 4 f o r  a maneuver made at M = 0.60 
at 20,000 feet. It can be seen  fromthe  l inearity of the plots  that   the 
center-of-pressure  location of the additional air load remained unchanged 
throughout  the maneuver. The variation of mament wtth shear for  the air 
load  acting  outboard  of  reference  axis R3 is shown i n  figure 5 f o r  the 
same maneuver. 

- 

The center-of-pressure  positions were determined from curves similar 
t o  those shown i n  figure 4 f o r  each maneuver and the range of  values 
obtained is indicated by the envelope dram on the left-wing  plan form 
in  f igure 6. It can be  seen from this envelope. that the  additional air- 
load center of pressure had a 50-inch spanwise range, a 17-inch chordwise 
range, and encompassed the 3-percent E2 point. The changes i n  the 
center-of-pressure  location c m  be attr ibuted t o  the effects  of various 
paramters, such a.6 Mach nuniber,  dynamic pressure, a d .  airplane weight, 
.which varied f r o m  run t o  run. No attempt w a s  made to isolate  the indi- 
ViduaL effect  on the center of pressure of any of the parameters mentioned 
owing t o  the relatively f e w  maneuvers analyzed. The center-of-pressure 
values have, however, been plotted against Mach nuniber and are presented . ~n figures 7 and 8, 

In figure 7 the spanwise center of pressure of the  addltional load - outboard of axis R1 and tha t  outboard of axis R3 arre plotted against 

Mach number.  The ordinate is percent of span  outboard of axis R1. &an 
l ines  are drawn through the respective sets of points at the 45-percent- 
and 73-percent-span s ta t ions.  There i s  no significant tendency indicated 
tha t  the load shifted appreciably with changing Mach nuntber. 

Although any attempt at detailed  correlation with theory f o r  the B47A 
configuration €8 not  warranted for  these data,  theoretical  centers of pres- 
sure  are, f o r  general comparison, s h m  in figure 7 for a rigid-wing-done, 
incompressible,  additional load distribution 86 obtained from reference 2. 

In  figure 8 the chordwise centers  of pressure, i n  percent 752, for  
the  loads outboard of a x i s  R1 are  plotted  agafnst Mach nmiber and a 
rean l ine  drawn through the plotted va;lues. A gradual forward or destabi- 
l i z ing  shift with increasing Mach nurriber of about 3 percent F2 from the 
quarter-chord  position i s  apparent  over the Mach.number range. 

Component loads.- The fraction of the total-aLrplane  normal-force 
coefficient %A carried by the wings and tail was determined from the 

slopes of the  respective  curves  for  the  variation of the component  normal- 
force  coefficients with CN*. Although the  left-wing loads only were 

a. 
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measured, the right-wing loads were assumed t o  be equal; an aSSumptiOn 
Just i f ied by the type of maneuver analyzed. 

Component-force coefficients, C W R ~ ,  C N ~ ~ ,  and C N ~ ,  for the wing- 

and tail-load  variation wi th  QA 8;re presented in   f igures  9 and 10 for  
a typical run made  at M = 0.60 and 20,000 feet   al t i tude.  As i n  the c s e  
of the  plots used i n  determining the centers of pressure (figs. 4 and. 5 ) ,  
the  variations shown in  f igures  9 and 10 are Unear so that  the  fraction 
of the   to ta l  load carried by each component remained constant  throughout 
the ONA range of the maneuver. Similar  plots were made for  all the 
XWIlS t h e   q u a t i t i e s  2(acnRL/dcNA), 2ps ,dcNA) ,  Wd dcNT dCNA I 
are plotted  against Mach  number in  f igure U. The fraction of C N ~  
carried by the wing did not change appreciably with Mach nuniber.  Once 
again no attempt was made to   isolate   the  effects  of the parameters which 
varied from run t o  run. Approximately 84 percent of the CxA w a s  carried 
by the wing area outboard of  axis R1 plus  the corresponding area on the 
right King whereas the wing mea outboard of axis R3 plus  the correspond- 
ing area on the right wing carried approximate- 28 percent of C N ~ .  

I 

The quantity - varies from approximately  zero for  the maneuvers 
~ C N A  

made with  the  center of gravity at 14 percent El t o  5 percent of the 
total airplane normal-force coefficient for maneuvers made wlth  the ten- 

ter of gravity at 27 percent Fl. A slight increase i n  9 with 

increasing Mach nuniber,  which is consistent  with  the f o r w a d  o r  destabi- 
l i z ing   sh i f t   i n  chordwlse center of pressure on the wing, can be noted 
for  the forward and normal center-of-gravity  points shown in   f igure 11. 

-A 

As found i n  previous tests  with several other  airplanes of differing 
configuration and r igidi ty ,  (refs. 3 and 4), the  fraction of  the wing- 
fuselage load carrried by the wing of the test airplane (0.86) w a s  approx- 
imately equal t o  the area r a t io  9. The normal-force coefficient of the 
wing-fuselage c d i n a t i o n  C w  W&B determined by subtracting % 
from %A. As a matter of interest  the  variation  with Mach  number of 
the  fractions of the wing-fuselage load carried by the wing of the North 
American B-45A, Douglas D-558-11, and test airplane are shown i n  figure 12. 
A table l ist ing  pertinent  physical   characterist ics of  the airplanes is 
included i n  the figure. 

T 
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c CONCLUDING REMARKS 

r 

Within the scope and limitations of a pre1imInaz-y analysis of the 
measured additional air loads on a Boeing B 4 7 A  airplane in gradual-tUrn 
mmeuvers, it was indicated  that: 

1. The chordwise center of pressure on the wing shared a gradud 
forward movement with increasing Mach nmiber a d  there waa no significant 
trend  noted  that  indicated an appreciable shift of the load i n  a spamJiee 
direction due t o  Mach nuniber. 

2. The proportion of the t o t a l  airplane .normal-force coefficient 
carried by the wing remained approxir@tely  constant up t o  the maximum 
t e s t  Mach  nurfiber of 0.80. 

3.  The wings c m i e d  approximately 0.86 of the  total-airplane-less- 
tall normal-force coefficient whereas the r a t io  of the exposed-wing area 
t o  the wing-fuselage area was approximately 0.87. 

Langley Aeronautical  Laboratory, 
National Advisory Conrmittee f o r  Aeronmtics, 

Langley Field, Va. , January 24, 1955. 
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DTMENSIONS AKD CHARACTWISTICS OF THE BOEING B-47A AIRPLANE 

wing: 
S p m . f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . .  
Thickness r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Ban aerodynamic chord. i n  . . . . . . . . . . . . . . . .  
Sweep at  25-percent chord.  deg . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . .  
Tip chord. in . . . . . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . . . . . . . . . . . . . .  
Lncidence (root and t ip ) .  deg . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . .  

Horizontal Tail: 
spm.f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Thickness r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Wan aerodynamic chord. i n  . . . . . . . . . . . . . . . .  
Sweep at =-percent chord. deg . . . . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . .  
Incidence . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . .  

116.0 
1428.0 

9-43 
0.42 
0.12 

155 9 
3500 

208.0 
87.0 

20 45’ 
BAC 145 

0 

33.0 
268 

4.06 
0.42 
0.10 
102.9 

33.0 
137 . 0 
58.0 

BAC 100 
-0.151 

Vertical T a i l :  
span. ft . . . . . . . . . . . . . . . . . . . . . . . . .  18-9 
Area (including  dorsal). sq ft . . . . . . . . . . . . . .  230.0 
Aspect ra t fo  . . . . . . . . . . . . . . . . . . . . . . .  1.55 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  0.34 
Thickness r a t io  . . . . . . . . . . . . . . . . . . . . .  0.10 
&an aerodynamLc chord. i n  . . . . . . . . . . . . . . . .  158.4 
Sweep at 25-percent chord. deg . . . . . . . . . . . . . .  35 *O 
Root chord (st water level 200). i n  . . . . . . . . . . .  216.0 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . .  74 
Airfoil  section . . . . . . . . . . . . . . . . . . . . .  BAC 100 

Power plant: 
Six Generd Electric J-47-GE-23 turbo3et  engines  with a sea-level mili- w 

tary  thrust   ra t ing of 5. 800 pounds at 100 percent  rotation& speed . 
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116' at 00 dihedral 
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Figure 2.- Three-view drawing of the t e s t  airplane. - 
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Ah-load ahear a t  reference axis, lb 

F i w e  4.- Typical variation of air-load bending mcunent and torque with 
a i r - ld   hear at  the inboard reference axes on the left Xing. 
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1.0 1.4 1.8 2.2 2.6 3 a 0  3.4 3.8 4.2~104 

Air-lcmd shear a t  reference axia,  lb 

Figure 5. - Typical &stion of air-lasd bending mcanent wtth air-load 
shear at the outboard reference &.a on the left Xing. 
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Spanuise station, in. 

700 600 LOO 300 200 100 0 
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Figure 6 . -  krvelope of  center-of-pressure  locations  for the  left-wing 
additional air loads acting outboard of reference &s R1. 



1 L 
I I 

Figure 7.- Variation with kch number of the ~ p m i s e  center af preseure 
of the addit ional  air loaas acting &board of reference axis R2 
aml of ~XLS R3. 
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.u .4e .52 .56 .60 .64 .68 -72 .76 .a0 
Mach number 

Figure 8.- Variation with Mach mnuber of the chordwlse center of pressures 
of  the aaaitional air loads acting outboard of reference axis RI. 
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Airplane normal-force coeffioient , C N ~  

Figure 9.- Typical variation with airplane norml-force coefficient of 
the normal-force coefficients of the l&s acting outboard of refer- 
ence 8 X h  R1 and of &S R3. 
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AFrplane normal-force coefficient, CN* 

Figure 10.- Typical variation with airplane n o d - f o r c e  coefficient of 
the horizontal-tail normal-force coefficierct during a gradual wilnd-up 
turn. 



I 

Figure ll.- Variation d t h  Mach number of the fractions of the total. air- 
plane normal-force coefficient carried on the wing and ta i l .  



B-b7A 3S0 a t  0.25 chord 9 . b  0.87 
"" B&A (Ref. 3) Oo a t  0.25 chord 6.74 0.82 
- - n-55&11 (Ref. h )  3S0 a t  0.30 chord 3.957 0 -76 .2 

I 
0 
.bo .w1 .lr8 .52 e 5 6  .60 .64 .68 .72 -76 .80 

Mach number 

Figure 12.- Vuiation with blach  number of the fraction of the wing- 
fuselage normal-force coefficient carried by the wing f o r   t h e e  air- 
craft configurations. 
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